Objective-To study mortality among 1785 employees of a factory that produced cellulose triacetate film base at Brantham in the United Kingdom. Also, to investigate patterns of mortality after exposure to methylene chloride; in particular, mortality from liver and biliary tract cancer, lung cancer, pancreatic cancer, and cardiovascular disease. Subjects and methods-All male employees with a record of employment at the film factory in 1946-88. A total of 1473 subjects worked in jobs that entailed exposure to methylene chloride. The mean duration of exposure was nine years at 19 ppm (eight hour time weighted average). Results-In the cohort, 334 deaths were identified up to 31 December 1994. Mortalities for the cohort were compared with national and local rates and expressed as standardized mortality ratios (SMR). In the subcohort of workers exposed to methylene chloride, substantially reduced mortalities compared with national and local rates were found for all causes, all cancers, and the principal cancer sites of interest. The significantly reduced lung cancer mortalities in exposed workers (SMR 48) seemed to reflect the restrictions on smoking at the workplace. In contrast, mortality from ischaemic heart disease in exposed workers, although lower than national rates (SMR 92), was slightly increased compared with local rates. However, mortality from ischemic heart disease was lower in active employees (SMR 83) where a direct effect of exposure to methylene chloride should be concentrated. No in service mortality due to ischaemic heart disease was found in workers with the highest cumulative exposure (>i 800 ppm-years). Conclusions-The study provided no indication that employment at the plant, or exposure to methylene chloride, had adversely affected the mortalities ofworkers. 
the subcohort of workers exposed to methylene chloride, substantially reduced mortalities compared with national and local rates were found for all causes, all cancers, and the principal cancer sites of interest. The significantly reduced lung cancer mortalities in exposed workers (SMR 48) seemed to reflect the restrictions on smoking at the workplace. In contrast, mortality from ischaemic heart disease in exposed workers, although lower than national rates (SMR 92), was slightly increased compared with local rates. However, mortality from ischemic heart disease was lower in active employees (SMR 83) where a direct effect of exposure to methylene chloride should be concentrated. No in service mortality due to ischaemic heart disease was found in workers with the highest cumulative exposure (>i 800 ppm-years). Conclusions-The study provided no indication that employment at the plant, or exposure to methylene chloride, had adversely affected the mortalities ofworkers. ( Burek et a!' in rats and hamsters exposed at similar concentrations had also shown no evidence of lung or liver tumours. Much mechanistic research focusing on the role of reductive metabolism through the glutathione-S-transferase pathway has since taken place to gain understanding of these species differences in response to methylene chloride. 4 The mortality of three groups of workers exposed to methylene chloride has been studied. The first group of workers were employed in the manufacture of cellulose triacetate photographic film base at a plant in Rochester, New York.5`8 The latest report8
showed that, compared with both the general population and a group of employed control subjects, there were reduced mortalities for lung and liver cancer and cardiovascular disease. However, there was a non-significant increase in pancreatic cancer (eight observed, 4 Mortality of workers exposed to methylene chloride employed at a plant producing cellulose triacetatefilm base biliary cancer finding reported in employees at the Rock Hill plant was not corroborated, although there was a small excess of biliary cancer (two observed, 1.4 expected). Cardiovascular mortality in workers exposed to methylene chloride was high compared with state rates, but comparable with local county rates and the level in unexposed workers.
This report describes a cohort mortality study of workers employed at a plant in the United Kingdom, where cellulose triacetate film base was produced between 1950 and 1988. The objectives of the study were to obtain new data on the effect of human exposure to methylene chloride which would help to better characterise health risks and to provide the management and workforce of the plant with information about the health risk experienced at their own plant.
Materials and methods

STUDY POPULATION AND FOLLOW UP
The design of the investigation was a retrospective cohort study of workers employed at a photographic film base plant in The study period was divided into four periods (before 1960, 1960-9, 1970-9, 1980-8 The background exposure predictions were refined to incorporate assumptions relating to the number of problems experienced with casting machines. Broadly speaking, it was assumed that in the early days of operation, there were fewer machines operating but more teething problems. As the machines became more efficient, they were run better and the problem rate per machine dropped, but this was offset by increases in the speed of operation.
Twenty work groups were created by grouping jobs with similar patterns of work, and hence exposure. For the period 1980-8 estimates of exposure for work groups were derived from personal monitoring data (about 330 sample results collected in the 1980s). For earlier periods, the estimated exposure of a work group was built up from information about the tasks performed by members of the work group and the locations where they were performed. Task specific exposure factors were derived from the relation between personal and area monitoring data. These factors indicated the level of exposure while performing a task relative to background exposure in that location. Apart from some modifications to reflect process changes, it was assumed that these factors remained constant over time. Thus, for the periods when personal monitoring data were not available, it was possible to estimate the exposure of a worker performing a task by multiplying the estimated background exposure at a location by the task specific exposure factor. The task specific exposure factors ranged from 1 in research or laboratory work to Tomenson, Bonner, Heiine, Farrar, Cummings 3.2 while operating casting machines in one block of the plant. The exposure level of a work group was obtained by summing exposures over tasks, taking into account the time spent in different areas of the plant.
Lifetime cumulative exposure to methylene chloride was calculated by summing the products of mean level of exposure and duration of employment for each job held by a cohort member. The employment histories of 30% of exposed workers (439) were insufficiently precise to calculate a reliable estimate of cumulative exposure. Most of these workers (420) were labourers and maintenance workers. Some of these workers would have been assigned to process areas and had exposures comparable with operators and cleaners, but others may have spent very little time in exposed areas. The job histories of these workers were not specific enough to differentiate between specific and general workers. The remaining 19 workers had incomplete employment histories.
The non-exposed group consisted of a variety of occupations but all were, by definition, not likely to be exposed either directly or indirectly through their daily work. This does not allow for very low concentrations that may have existed in the general atmosphere around the works. Most of the non-exposed group were office workers in the technical and commercial functions. In comparison, the exposed workers were predominantly manual workers.
STATISTICAL METHODS
Mortality statistics for England and Wales were used for comparison. The occupational cohort mortality analysis program (OCMAP) was used to sum person-years within categories of age (five year intervals) and calendar period (about five year intervals to conform with changes in the ICD), and to compute standardised mortality ratios (SMRs).'5 Analyses were performed for the entire cohort and the subcohort of workers who had worked for a minimum of three months. Also, a comparison with local mortalities was made by combining information from two surrounding local districts-Tendring and Samford-compiled for a 10 year period, 1968-78. The mortality data were compiled by the authors of an atlas of mortality. 16 Duration of employment, cumulative exposure, and latency were treated as time related variables with the values calculated for each person-year under observation. A person was allowed to contribute to more than one stratum in each analysis. Four categories of cumulative exposure to methylene chloride were defined; 0, 0-399, 400-799, and >800 ppm-years. A x2 test for trend was applied to evaluate the significance of the mortality ratios.17 An internally standardised relative risk analysis was also performed with the never, exposed group as the internal comparison group.'5 A more qualitative assessment of exposure effect was obtained by performing analyses based on date of first exposure. In the case of ischaemic heart disease, it has been proposed that the cardiovascular effects of exposure to carbon monoxide may be acute and reversible.1 Therefore, this association was also investigated by restricting the analysis to the period when workers were employed and the first 28 days after the end of employment.
Results Table 1 shows the vital status of the cohort on 31 December 1994. A total of 47 workers (2.6%) had emigrated or joined the armed forces, and a further five workers (0.3%) were lost to follow up. Seventy three per cent of exposed workers were less than 35 years of age at the start of follow up as were 65% of unexposed workers. Ninety four per cent of exposed workers and 88% of unexposed workers were employed for at least three months. Exposed workers contributed 39 759 person-years of follow up and unexposed workers contributed 6652 person-years.
The appendix shows the estimated eight hour time weighted average (8h TWA) exposure to methylene chloride for some of the key work groups, by period. Estimated exposures rose from 1950 up to the late 1970s reflecting the increasing numbers of casting machines and speed of operation. Mean yearly static monitoring results (based on samples taken weekly) for the casting and dope areas were at their highest in the late 1970s (100-125 ppm), but then fell to concentrations of 25-40 ppm during the final years of operation. The 1034 workers for whom it was possible to calculate individual estimates of cumulative exposure to methylene chloride, had been exposed on average for nine years at a concentration of 19 ppm (8h TWA). It was not possible to calculate the cumulative exposure of individual workers in the unassigned group. However, on average, the group was estimated to have been exposed for 11 years at a concentration of 13 ppm (8h TWA). Table 2 shows SMRs for the major causes of death and those of initial interest. Results are presented separately for the groups of never exposed workers and exposed workers. Deaths from all causes of death (P<0.01) and all malignant neoplasms (P<0.01) were significantly lower than expected in exposed workers. Deaths from all causes in never exposed workers were also significantly lower than expected (P<0.05) and deaths due to malignant neoplasms were also reduced (SMR 65). Deaths due to the cancers initially of interest that is, lung, pancreatic, liver, and biliary tract cancers-were all lower than expected in exposed workers. Deaths due to lung cancer were significantly reduced in both exposed Deaths due to all heart disease and ischaemic heart disease in exposed and never exposed workers were also lower than expected. Results for workers with more than three months of employment were similar and are not presented. Table 3 provides a more detailed analysis for all causes of death, all malignancies, and causes of death initially of interest. Results are presented for three cumulative dose groups, the group of exposed but unassigned workers, and the never exposed group. There was no evidence of an association between exposure to methylene chloride and all causes of death, all malignancies, and the cancers initially of interest. Some evidence of an association between exposure to methylene chloride and ischaemic heart disease was found, but the test for trend was not significant. Mortality from ischaemic heart disease was similar in unexposed workers and workers exposed to less than 400 ppmyears, but higher in the 400-799 ppm-years and e800 ppm-years groups. The results of trend analyses were similar when restricted to workers with more than three months employment. The SMR for ischaemic heart disease in unexposed employees with more than three months service was slightly higher than for all unexposed workers (84 v 74) resulting in a slightly higher P value for the test for trend (P=0. 14). The internally standardized analysis gave relative risks that were similar to the ratios of SMRs in table 3 and are not reported in detail. Table 4 shows observed deaths and SMR for the categories of all causes of death, all malignancies, lung cancer, pancreatic cancer, and ischaemic heart disease by years since first exposure. A small increase in mortality with years since first exposure was apparent for most of the causes shown.
Analyses by date of first exposure performed for different cut off points, showed that mortalities were particularly low in workers who were first exposed after the latest date used for these analyses (1965) . The SMR for all causes of death was 54 and that for all cancers was 50, although there were only 40 deaths in this group. Only two workers had died from lung cancer in this group (SMR 29) and mortality from ischaemic heart disease was also low (SMR 68).
Discussion
The cohort described in this report, is one of four cohorts which provide most of the information currently available about the This cohort, along with a second,8 consists of workers exposed to methylene chloride during the manufacture of cellulose triacetate film base. The other two groups of workers that have been studied incurred exposure to methylene chloride in the production of cellulose triacetate fibres." 12 The mean exposure of workers in the present investigation, 19 ppm, was similar to that in the other cohort of photographic workers, 26 ppm, although the mean duration of exposure of workers was shorter (nine v 23 years). However, levels of exposure in the two cohorts of fibre workers were much higher. One study of fibre workers reported median exposures for three groups of workers of 140 ppm, 280 ppm, and 475 ppm (8h TWA)" and the other study reported the mortality experience of one group of workers exposed to concentrations of 350-700 ppm and a second group exposed to concentrations of 50-100 ppm (8h TWA).'2 Three of the cohorts are of similar size, but one of the cohorts of fibre workers'2 is about three times larger. However, the large cohort has been followed up for the shortest period (20 years). Both cohorts of photographic film workers include only male subjects, but a large proportion of the fibre workers were women.
The current study group, like the other three, have experienced reduced overall mortality and reduced mortality from cancer. Because lung cancers form such a high proportion of cancer deaths, low mortality due to cancer might have been expected as workers were not allowed to smoke at their workstation. All four studies have reported lower mortality than expected for lung cancer, but this finding was especially true for exposed workers in this study (SMR 48). However, mortality from other types of cancer apart from lung cancer was also low (SMR 75). Thus, the increased incidence of lung cancer seen in the mouse bioassay is not corroborated by the epidemiology studies, although confounding by smoking may have limited the ability of these studies to detect an effect of exposure to methylene chloride on risk of lung cancer. The current investigation also provided no evidence of an increased risk of liver cancer as seen in the mouse bioassay, nor support for the excess of biliary cancer reported in one group of cellulose triacetate fibre workers." However, the excess of biliary cancer was not replicated in another highly exposed group of fibre workers'2 nor the other cohort of photographic film workers.8
A small excess of pancreatic cancer was reported in the earlier study of photographic film workers (eight observed and 4.2 expected). An excess of pancreatic cancer (three observed and 0.9 expected) was also found in a group of 226 men employed in production of chlorinated methanes.'9 However, all had been employed for short periods and information on the exposure of the cohort was not provided. The present study and the two studies of highly exposed fibre production workers" 12 provide no support for an association between pancreatic cancer and exposure to methylene chloride.
Heineman et afo reported an association between astrocytic brain cancer and exposure to methylene chloride in a case-control study of astrocytic brain cancer and occupational exposure to chlorinated aliphatic hydrocarbons. Heineman et a1 reported that the risk of astrocytic brain cancer increased with probability and average intensity of exposure, and with duration of employment in jobs considered exposed to methylene chloride, and the trends could not be explained by exposures to the other solvents studied. There was a small excess of brain tumours in exposed workers in this cohort (four observed and 2.8 expected), but two of these workers had minimal exposure to methylene chloride. One employee had been a laboratory assistant for four years, the other was involved in estimation work in the engineering department. Another worker was an electrician from the unassigned exposure group. This job title was insufficiently precise to identify the areas worked. It was estimated that the mean exposure of this worker, who was employed for 21 years, was unlikely to have exceeded 15 ppm (8h TWA).The cumulative exposure of the other worker who died of brain cancer was estimated to be 572 ppm-years (casting machine operator for 23 years). Hence, the small excess of brain cancer in this study did not seem to be associated with exposure to methylene chloride. No support for an association between methylene chloride and brain cancer was provided by the other three retrospective cohort studies.8 11 12These studies provided more relevant information than the case-control study2' which relied on information obtained from the next of kin.
Mortality due to ischaemic heart disease was slightly higher in exposed workers (SMR 92), than in never exposed workers (SMR 74). When local mortalities were used for comparison, the SMR of exposed workers increased to 104 (95% CI; 86 to 125). Lower mortalities from ischaemic heart disease in exposed workers might have been expected because of the restrictions on smoking at the plant. However, the plant is situated in a rural area with low smoking rates which are reflected in the SMR for lung cancer of 77 in the local community. A suggestion of a trend in ischaemic heart disease with cumulative exposure was also found, although this was not significant.
A role for methylene chloride in the induction of ischaemic heart disease is plausible because methylene chloride is metabolised to carbon monoxide and induces the formation of carboxyhaemoglobin. Stern et al" reported an increased risk of ischaemic heart disease in tunnel workers historically exposed to carbon monoxide concentrations averaging about 50 ppm. However, the increased risk declined after end of exposure with much of the risk dissipating after five years. This pattern mirrors that of cigarette smoking and cardiovascular mortality and suggests that a direct effect of methylene chloride on ischaemic heart disease and cardiovascular mortality would be concentrated in active employees. When the analysis was restricted to active employees (including any deaths that occurred within one month of the end of employment), the SMR for ischaemic heart disease decreased to 83, and no in service deaths due to ischaemic heart disease occurred in workers in the highest cumulative exposure group (, 800 ppm-years). This does not rule out the possibility that exposure to methylene chloride increases the risk of ischaemic heart disease, as some reduction in SMR would be anticipated because the healthy worker effect would be expected to be stronger for this period of follow up. The group of never exposed workers was too small to perform a meaningful comparison analysis as only one employee in this group died from ischaemic heart disease while still employed (3.0 expected deaths).
The results from the other three cohorts of workers exposed to methylene chloride have been contradictory for mortality from cardiovascular disease. Mortality from ischaemic heart disease was higher than expected in one cohort when compared with state mortalities, but comparable with the local mortalities for the county in which the plant was situated.' Three investigations9 22 23 have studied the cardiovascular health of some of the workers in the present cohort and that studied by Rothman et 1965 when casting machines were being introduced. However, the analyses by period did not provide any evidence of increased mortality in workers who were first exposed before 1965. Information was also available on incidents where workers were affected by methylene chloride vapours. The number of incidents was small, but the information fitted with the pattern of exposure estimated for jobs and periods.
Another study weakness was the inability to include 30% of exposed workers (the unassigned exposure group) in the dose response analyses. Overall, this group was estimated to have experienced lower mean exposures than the other exposed workers (13 ppm v 19 ppm TWA). Their mortality results, and distribution of person-years of follow up, were similar to those of the group of workers for whom it was possible to calculate cumulative exposure.
In conclusion, this study provides no evidence of increased mortality related to exposure to methylene chloride. The only suggestion of increased mortality was the increased SMR for ischaemic heart disease in the two highest cumulative exposure groups. A role for methylene chloride in the induction of ischaemic heart disease is plausible, but there was no evidence that such an effect was occurring while workers were exposed to methylene chloride-that is, when the effect would be expected to be strongest. However, although this study, like others, did not provide any compelling evidence of an increased risk of cardiovascular disease, the restrictions on smoking at workstations may have limited the ability of all of these studies to detect an exposure related effect on mortality from cardiovascular disease. There was no evidence of any increased carcinogenic risk in this population. This was not simply due to a reduced incidence of lung cancer resulting from a low prevalence of smoking in the cohort. Mortality from cancers other than lung cancer was significantly less than expected, mirroring the pattern found in the other three cohorts of photographic film workers and fibre workers (SMR range 69-87).
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